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Abstract
This paper studies the implementation ofnew processes into an automated manufacturing
environment. It specifically studies the implementation ofprocess capability indices in a
medical products manufacturer. In orde;r to minimize the barriers to implementation, a
survey was sent to a group of experienced professionals asking what barriers they would
anticipateenco,untering this situation. The survey indicated that issues with management
support and buy-in are the most important to anticipate and overcome in an
implementation. The respondents placed relatively little importance on equipment and
process limitations as barriers to the implementation. Interviews conducted with the
personnel responsible for the implementation provided further support for the
significance of management and knowledge barriers. The initial phase of theproject was
a success. There were issues concerning,management support, training and equipment
that led to problems. However, these barriers were not insurmountable and the
implementation was completed. This initial success has helped the project accumulate
support from manufacturing management and created enthusiasm for completion of the
subsequent phases ofthe project. It may be concluded from the data that prior written
approval of the plan and the potential for gain by the participants will mitigate some of
the management barriers. Additionally, lack of management support from all of the
groups involved as well as insufficient availC;lble resources will slow the progress of the
implementation.
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Chapter 1
Introduction
Process capability indices are mathematical models used to measure the ability of a
manufacturing process to produce conforming product (Kaminsky, 1998). These indices
can take the form of statistical treatments. The two most common are Cpand Cpk, defined
as:
c = U8L-LSL
p 6cr C
- ~J.' {U8L -Il Il- LSL}pk -lVl1n ,
3cr 3cr
1I
The equations assume that the process is generating continuous random measurements
from a normal distribution. USL and LSL are the upper and lower specification limits
respectively, Il is a known expected value and 0" is the standard deviation.
When used on a process that is statistically stable, process capability indices provide a
benchmark for the performance of that process. This information gives a method through
which substantive improvements can be measured and assessed. It may also be useful in
goal setting for the current process and for placing requirements on improvements and
future developments.
The use of process capability indices on a stable, validated process can aid in pinpointing
inefficiencies and highlighting steps in a process where improvements can be made. This
information may subsequently be used by management to better direct resources to
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problem areas. Whe!} fully implemented, the system can result in higher efficiencies and
"'JI
improved throughput ultimately reflecting positively on the bottom line.
There is a substantive potential for gain with a successful implementation ofprocess
capability indices. While process capability indices can be layered over existing
manufacturing systems, this implementation is not risk free.
Problem Statement
Introducing new assessment models like process capability indices into a highly
structured manufacturing environment raises additional risks in the minds ofmanagers.
The barriers encountered in this endeavor can be exacerbated in a heavily government
regulated industry. Such industries are often overly resistant to change due to compliance
issues. Consequently, in these situations, particularly in government regulated industries
such as medical products, it is often easier to leave an inefficient or outdated process in
place. This can lead to the long-term degradation of a manufacturing process.
Determining the barriers to change is fundamental to launching improved ways of doing
business in such an environment.
Identifying the barriers to the implementation ofprocess capability indices in an
automated medical products manufacturing plant is the problem this study seeks to solve.
Possessing prior knowledge of the magnitude of the barriers to implementing process
capability indices would appear to be essential to success. Identifying the barriers
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through expert forecasting is one method to achieve these ends. Concomitantly, this
study tracks the implementation ofprocess capability indices on a manufacturing line and
compares the actual barriers to the forecasted barriers.
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1Chapter 2
Review of Literature
Change in Complex Formal Organizations
According to Lippitt (1986), planned change involves a series of reinforcing. activities
undertaken with purpose and intent rather than something that happens accidentally.
Planned change further invokes a decision about the direction a process should take and it
implies some ability to predict the outcome of the process through implementation of
strategies designed to accomplish the desired objectives. Lippitt's ideal definition of the
concept ofplanned change must be placed in the context of the managers making the
changes profitable within large formal organizations.
The introduction of change into any stable corporate manufacturing environment can
present challenges to the managers who are championing the change. More (1998) writes
that when managers and organizations, in both the public and private sectors, are in an
age of uncertainty and complex rapid change, it is imperative that we use that change to
our advantage. This means being proactive rather than reactive, broad seeing rather than
ostrich like. Being proactive requires that managers step forward and make things
happen.
Michael Beer, et al. (1990) state that while senior managers understand the necessity of
change to cope with new competitive realities, they often misunderstand what it takes to
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bring it about. They tend to share two assumptions: 1) promulgating company-wide
programs - mission statements, corporate culture programs, training courses, quality
circles, and new pay-for-performance - will transform organizations; and 2) employee
behavior is changed by altering a company's formal structure and systems.
Beyond the obvious step of having a clear organizational goal in mind for the change, it
appears logical that knowing the barriers to change is critical to success. Several authors
have addresseq, this issue.
Barriers to Change
The barriers to change are innumerable and often situation specific. There is significant
literature on the subject suggesting various barriers. Vandermerwe and Vandermerwe
(1991) published the results of a survey of sixty (60) top-level executives. The five most
common barriers to change identified were: 1) fear factor and human resistance,
2) complacency and low sense of urgency, 3) insufficient dedicated time set aside, 4),
poor communication, 5) late systems and technology. Each of these barriers was noted
by more than 60% of the respondents.
The fear factor is described as stemming from the uncertainties about new roles and
responsibilities in the wake of the change (Quinn, 1980; Kotter, 1979; Lorsch, 1974; and
Lawrence, 1969). Complacency refers to the passive resistance encountered in the
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change process. This form of resistance exhibits itself with the closed-mouth agreement
of managers who then go on to take no action.
Insufficient dedicated time results from the failure or inability ofmanagers or other
responsible personnel to delegate routine activities. This serves only to take away from
energy that should be exerted on the change implementation. Poor communication is
provoked by a variety ofbehaviors including, but not limited to, using intermediaries to
pass information along resulting in watered down or misinterpreted information and not
taking sufficient time to communicate effectively. Late systems and technology pertains
to the tendency of systems and technology to be left until late in the process, an oversight
that can lead to lost momentum and serious impediments to thorough and efficient
implementation. (Vandermerwe, 1991)
Another study, published by Scott in 1980, (Roberts-Gray, 1983), surveyed U.S. Army
units and identified several factors impeding the implementation of an engagement
simulation program. These included lack of implementation planning, excessive resource
demands of the innovation and distractions from training.
Gross, et al. (1971) performed a study of the implementation of a motivational program
in secondary schools. The stu.dy identified five barriers to the effective implementation
of the program through interviews with teachers. The five barriers were: 1) lack of
clarity about the innovation, 2) lack of capability to perform the required tasks, 3) lack of
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necessary materials, 4) incompatibility of the innovation with the organizational
arrangements and 5) lack of teacher motivation. (Roberts-Gray, 1983)
Diamond (1986) specifically described the psychological resistance to change. He
characterized the resistance as deeply rooted in contradictory motives and defensive
actions. Individual and collective defensive motives are intimately linked to the social
construction ofunilaterally protective, maximally defensive, and overly dependent intra-
organizational strategies for action.
King and Anderson (1995) reasoned that people view change as increasing their
vulnerability and decreasing their control of their ~nvironment. Consequently, resistance
to change may be conceptualized as a natural response to a perceived threat.
Leigh (1988) delineated the resistance to change as: 1) cultural- organizational values
and traditions are affected, 2) social- established relationships are threatened, 3)
organizational- status quo, power and influence are endangered, and 4) psychological-
change is perceived as detrimental and reinforces conservatism and conformity.
Summary
There is general agreement in the literature in several key areas. Vandermerwe &
Vandermerwe (1991), Gross (1971), Diamond (1986) and King & Anderson (1995) all
agree that the 'fear factor and human resistance' are barriers to change. Barriers
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regarding resource issues were also identified by Vandermerwe & Vandermerwe (1991),
Scott (1980) and Gross (1971). Both motivational and communication issues were
identified by Vandermerwe & Vandermerwe (1991) and Gross (1971). Finally, both
Vanderrnerwe & Vandermerwe (1991) and Scott (1980) identified issues regarding
planning.
In conclusion, the aforementioned studies agreed on the following five common barriers
to change:
1. Fear Factor and Human Resistance
2. Resource Issues
3. Motivation
4. Communication
5. Planning
Page 9 of44
Chapter 3
Methodology
When a significant number of factual elements about a work procedure are known, there
are statistical methods available to forecast problems with its implementation. However,
when little is quantifiable, managers are left with judgmental forecasting to make
decisions on whether to implement the process and what to anticipate as likely cost
barriers (Armstrong, 1989).
Some of theO typical judgmental forecasting approaches are solution-focused meetings,
brainstorming, and facilitated meetings with the affected work group. Others include
importing experts to work with the group or a committee of experts to work external to
the group in identifying problems and offering solutions (Farrokh, J 996).
Several problems arise with the typical professional judgment approaches to identifying
and solving problems. According to Madu, et al. (1991) and Hyde (1986), the less
experienced members in a work group are often unwilling to speak up in meetings. The
more experienced members are apt to dominate meetings and their judgment is most
often considered as valid. However, the best observations and ideas do not necessarily
come from the most experienced members (Armstrong, 1989). Indeed, their experiences
may be bounded by time and technology, retrospective falsifications and limitations on
individual creativity.
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To overcome these problems and still give decision makers some solid information to
work from when data were not available, the Delphi technique was developed by RAND
Corporation in the 1960's (Stuter, 1999). Its original format included the following steps
(Cline, 1998).
1. A panel of personnel who are experienced with the procedure are identified without
regard to geographic location. They will never meet face-to-face as a group and the
membership is not initially shared among the panel members.
2. The individuals are contacted and their cooperation in the study is obtained. The
methodology of the study is explained.
3. Each panel member is mailed a concise problem statement with a return envelope.
Each is asked to provide at least three but no more than 10 responses to the problem
statement and return the comments within a specific period.
4. A group ofjudges performs a Q-Sort activity where redundant items are consolidated
and like responses are categorized into groups. Each remaining item is placed in a
questionnaire with a I-to-5 rating scale, which is iIsed to evaluate the criticality of
each item.
5. The questionnaire is returned to the panel members with directions to rate the
importance of each item and return the questionnaire within a specific period.
6. The data on each item are picked off the questionnaires and an average rating score
for each item is calculated. The rating scores are used to rank the items in each
group. A second questionnaire is developed showing the rank order of the items and
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the rating score for each item. Space is left by each item for the panel members to
comment onrightness or wrongness of the priority ranking of each item.
7. The second questionnaire is returned to the panel memhers with directions and a
return timeframe.
8. The data from the second questionnaire are used to modify the priority ranking. A
final report is issued.
Overall, the Delphi Technique is more structured than the nominal group meeting and
uses a series of questionnaires and summarized feedback reports from preceding
responses. It requires a panel of personnel experienced with the problem and a group of
judges who can read, condense and group item statements.
According to the Florida Agricultural Information Retrieval System
(http://hammock.ifas.ulf.edu/txt/fairs/5630), there are eight specific advantages and six
disadvantages to the Delphi approach.
Advantages
1. Allows participants to remain anonymous.
2. Inexpensive.
3. Free of group dynamics including social pressure, personality influence and
individual dominance.
4. Allows sharing of information and reasoning among participants.
5. Conducive to independent thinking and gradual formulation.
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6. A well-selected respondent panel can provide a broad analytical perspective'on local
problems and concerns.
7. Can be used to reach consensus among groups hostile to each other.
8. Works well with panels as small as five members and numbering over one hundred.
Disadvantages
1. Judgments are those of a selected group of people and may not be representative.
2. Tends to eliminate extreme positions and force a middle-of-the-road consensus.
3. More time-consuming than the nominal group process.
4. Should not be viewed as a total solution.
5. Requires skill in written communication.
6. Requires adequate time and participant commitment.
The disadvantages to the Delphi methodology do not appear to be serious enough to
threaten the integrity of this study. In addition, the technique has since evolved into
formats that lessen its disadvantages. According to Wood and King (1996) most
variations can now be accommodated under the following seven generic steps.
Generic Delphi Technique
1. Develop a problem or questionnaire focusing on identified issues, problems, causes,
solutions or actions. The intent is for each respondent to list ideas regarding th~
specific issue.
2. Distribute the questionnaire to an appropriate group of respondents.
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3. Each respondent independently generates ideas in answering the questions and returns
the questionnaires.
4. Summarize the questionnaires into a feeq.back report and develop a second
questionnaire for the same respondent group. The second questionnaire should ask
respondents to prioritize or rank the remaining input from the first round.
S. Distribute the feedback summary and second questionnaire.
6. Respondents review the feedback report, independently rate priority ideas in the
second questionnaire and return the response.
7. This process is repeated until general agreement is reached on problems, causes,
solutions and actions.
8. A final summary and feedback report is prepared and distributed to respondents.
Throughout the process, the feedback reports allow for the exchange of opinions and
priorities and often results in individual changes in opinions and priorities after
respondents evaluate the general group perspectives.
The Delphi Technique is an appropriate methodology for the problem in question
because:
1. It can be used with groups as small as five members.
2. It allows flexibility on the part ofpanel members as to when the problem can be
considered. Meetings do not have to be scheduled.
3. It allows for the input of personnel from other plants and sites without the expense of
travel and other arrangements.
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4. It overcomes the basic problems of group meetings where less experienced members
tend to hold their judgement in abeyance for more experienced members.
5. It will achieve a consensus of opinions on the problems of implementing a new work
procedure.
Study Technique
The specific Delphi method used in this study was a two-round procedure. See
Attachment 1.
1. Identified and gained the cooperation of ten manufacturing process experts.
2. Provided each with an operational definition ofprocess capability indices and asked
that they list at least three (3) but no more than ten (10) barriers to implementing the
system in an automated medical products manufacturing concern.
3. Used a Q-sort to remove redundancy.
4. Associated a 1-5 Likert scale to each of the synthesized responses.
5. Resubmitted to the group of experts for rating of the criticality of each item.
6. Collected the responses, averaged the ratings and ranked the responses.
7. To verify the responses, interviews were conducted with individuals responsible for
the implementation of the process. They were questioned regarding the general
barriers encountered during the implementation. Their responses were recorded as
the case and compared to those submitted by the survey respondents.
8. Issued final report.
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In order to complete the second commitment of the problem statement, the
implementation of process capability indices was observed for barriers and the
implementing personnel interviewed.
Q-Sort Technique
The Q methodology was created by William Stephenson, a British physicist and
psychologist, in 1935. Stephenson's intention was to provide a method for revealing
subjectivity of a situation. The principal tool of the Q methodology is the Q-sort
technique which involves the rank-ordering of a set of statements. (Brown, 1996)
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Chapter 4
Data Collection and Presentation
The data collection was performed through e""mail. The first round of the questionnaire
was drafted and sent to a group of fourteen (14) professionals. The participants were
largely from Medical Products manufacturers and evenly divided between Quality
Assurance and non-Quality Assurance.
Due to job demands only nine (9) of the participants submitted responses. The raw
responses are listed in Table 1.
Table 1: First Round Responses
1. If the process is time consuming, and it makes the work day· longer without any
compensation
2. If the process itself is not consistently reliable
3. If the training involved is extensive
4. Ifthe people do not realize the benefits of the tool
5. Lack of process knowledge, monitoring and control
6. Cultural resistance to process measurement
7. Lack of buy-in by plant management and/or labor (machine operators)
8. Small production runs and high product mix (too much noise in the data)
9. Old equipment in need of repair
10. Insufficient resources (personnel)
11. Poor planning
12. Too small of a sample size
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13. Improper sampling techniques
14. Repeatability of measurement equipment is inadequate
15. Reliability of measurement equipment is inadequate
16. Accuracy or precision of measurement equipment is inadequate
17. Insufficient resources: personnel, capital, product etc.
18. The process must be free of "assignable or special causes" of variation
19. There should only be the inherent causes of variation in the process
20. Physical Plant Size
21. Manual Labor Regulations (i.e. you must have 'x' amount of manual labor in your
mfg. plant)
22. Tooling Limitations
23. Heating/Cooling interventions
24. Poor Raw Materials
25. Poor Machine Setup (i.e. Training)
26. The need oftrained resources to carry out the evaluation
27.· Friction (i.e. Operations believes it is a QA function, QA believes it is an Operations
function)
28. The lack of management support
29. The money decision (i.e., how is a monitoring effort going to add value?)
30. Availability of "good" data
31. Process Control - Cp and Cpk need the process to be in control
32. "Buy in" from management that Cpk measures are worthwhile
33. Technically knowledgeable operators/engineers
34. Ability to monitor Cp/Cpk and process control on-going
35. Machine builders/designers will be resistant to this because the indices may indicate
incapable equipment, which could criticize their skills
36. Resources may be limited to conduct the studies
37. The actual value of the indices will be criticized
38. What is the goal of the indices? Without a clear reason why these would be
implemented, people will resist due to a lack of information
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39. If the goal was to qualify equipment prior to production, machine builders/designers
will resist for reason #1
40. If the goal was to improve existing processes, the actual value of the indices will be
criticized if there are currently no problems
41. Anyone who knows a little about Cp and Cpk indices will argue that they can be
manipulated by altering the specification limits. Actual specification limits often do
not depict actual customer requirements since customer requirements change.
42. Process capability indices do not indicate whether or not a process is in control or
predictable. QE professionals should argue that SPC must be done in conjunction
with process capability studies. If not, the data is useless.
43. Process engineering or manufacturing should drive this implementation
44. If QAlQE drives the implementation, manufacturing and engineering will be
resistant since they will feel that QAlQE is trying to control them more
45. Setting up proper training and valid/reliable/repeatable procedures
46. Management review and commitment
47. Implications of an automated process suddenly going awry
48. Setting appropriate action levels to suit your processes
49. Understanding and identifying all process variables for each automated machine and
product produced on that machine
50. For variable attributes - R&R studies, prior to implementation
51. Lacking proper measuring capabilities
A Q-sort was performed on the responses in Table 1. In this study, a group of three
judges, separate from the survey respondents, was asked to review and categorize the raw
responses from the first round survey. This was performed in three rounds. The first
round established the categories and the following rounds established agreement, .
eliminated redundancies and revised the statements for consistency, correcting spelling
and grammar as required. The results are shown in Table 2.
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The second round of the data for ranking was drafted and sent to the nine respondents to
the initial questionnaire. (See Attachment 2)
J
Table 2: Responses After Q-sort
Delphi Questionnaire
Barriers to Implementation
1. Management Barriers
1.1. Management does not believe that the monitoring effort adds enough value
to the bottom line.
1.2. Management does not believe Cpk measures to be worthwhile.
1.3. Management fails to place the proper departments in charge of
implementation.
1.4. Management inadequately supports the effort.
1.5. Plant managers and/or machine operators fail to buy-in.
1.6. Management review and commitment are inadequate.
2. Data Barriers'
2.1. If SPC is not used in conjunction with process capability there is no
assurance that the process is in control or predictable
2.2. Using improper sample techniques
2.3. Lack ofR&R studies prior to implementation to establish variable attributes
2.4. Sample size too small
2.5. Lack of"good" data
2.6. Cpand Cpk indices can be manipulated by altering the specification limits.
Actual specification limits often do not depict actual customer requirements
since their requirements sometimes change.
3. Resource (Personnel) Barriers
3.1. Insufficient resources- personnel
3.2. Lack of knowledgeable operators/engineers
3.3. Inadequate trained resources to carry out the evaluation
3.4. Insufficient resources - capital
3.5. Insufficient resources - product
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4. Knowledge Barriers
4.1. Poor Planning
4.2. Lack of proper training and valid reliable repeatable procedures
4.3. Failure to understand and identify all process variables for each automated
machine and product produced on that machine.
4.4. Lack of process knowledge, monitoring and control
5. Fear FactorlHuman Resistance
5.1. Personnel may resist the additional time/effort required to implement and
maintain the system
5.2. Training involved may be extensive
5.3. Union regulations
5.4. Resistance by manufacturing and engineering if QAlQEdrive the
implementation
5.5. Friction between operations and QA about who has to drive the
implementation
5.6. Lack of clearly stated goals for the indices that can be embraced
5.7. Resistance to the goal by builders/designers if it is to· qualify equipment
prior to production
5.8. Resistance to a goal to improve existing processes, if there are currently no
problems
5.9. Cultural resistance to process measurement
6. Process Barriers·
6.1. Poor raw materials
6.2. Small production runs and high product mix create too much noise in the
data
6.3. Inability to monitor Cp/Cpk and process control on an ongoing basis
6.4. Lack of consistency and reliability in the process
6.5. Presence of assignable or special cause variations in the process
6.6. Lack of process control
6.7. Absence of any causes ofvariation other than those inherent to the process
6.8. Lack of appropriate action levels to suit the processes
7. Equipment and Facility Barriers
7.1. Limitation due to physical plant size
7.2. Inadequate accuracy or precision of measurement equipment
7.3. Tooling limitations
7.4. Inadequate repeatability of measurement equipment
7.5. Lack of proper measuring capabilities
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7.6. Lack ofnew/well-maintained equipment
7.7. Inadequate machine setup training
Again, due to job demands, only six of the nine initial participants were able to return
ranked responses. The rankings were averaged and the results are shown in Table 3.
Table 3: Ranked Responses
Category Rating Average
1. Management Barriers
1.1. Management does not believe that the monitoring effort
adds enough value to the bottom line. 3.7
1.2. Management does not believe Cpk measures to be
worthwhile. 2.8
1.3. Management fails to place the proper departments in 3.66
charge of implementation. 4.0
1.4. Management inadequately supports the effort. 4.0
1.5. Plant managers and/or machine operators fail to buy-in. 3.7
1.6. Management review and commitment are inadequate. 3.8
2. Data Barriers
2.1. If SPC is not used in conjunction with process
capability there is no assurance that the process is in
control or predictable 4.0
2.2. Using improper sample techniques 3.2
2.3. Lack of R&R studies prior to implementation to 3.25
establish variable attributes 2.5
2.4. Sample size too small 3.3
2.5. Lack of "good" data 2.7
2.6. Cpand Cpk indices can be manipulated by altering the
specification limits. Actual specification limits often
do not depict actual customer requirements since their
requirements sometimes change. 3.8
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Category Rating Average
3. Resource (Personnel) Barriers
3.1. Insufficient resources - personnel 4.2
3.2. Lack ofknowledgeable operators/engineers 3.5
3.3. Inadequate trained resources to carry out the evaluation 4.2 3.48
3.4. Insufficient resources - capital 3.3
3.5. Insufficient resources - product 2.2
4. Knowledge Barriers
4.1. Poor Planning 3.7
4.2. Lack ofproper training and valid reliable repeatable
procedures 3.5
4.3. Failure to understand and identify all process variables 3.50
for each automated machine and product produced on
that machine. 3.3
4.4. Lack ofprocess knowledge, monitoring and control 3.5
5. Fear FactorlHuman Resistance
5.1. Personnel may resist the additional time/effort required
to implement and maintain the system 4.0
5.2. Training involved may be extensive 2.8
5.3. Union regulations 2.3
5.4. Resistance by manufacturing and engineering if
QA/QE drive the implementation 3.3
5.5. Friction between operations and QA about who has to 3.32drive the implementation 3.7
5.6. Lack of clearly stated goals for the indices that can be
embraced 3.3
5.7. Resistance to the goal by builders/designers if it is to
qualify equipment prior to production 3.0
5.8. Resistance to a goal to improve existing processes, if
there are currently no problems 3.5
5.9. Cultural resistance to process measurement 4.0
6. Process Barriers
6.1. Poor raw materials 1.7
6.2. Small production runs and high product mix create too
much noise in the data . 2.2 2.70
6.3. Inability to monitor Cp/Cpk and process control on an
ongoing basis 3.7
6.4. Lack of consistency and reliability in the process 3.2
6.5. Presence of assignable or special cause variations in the
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Category Rating Average
process 2.3
6.6. Lack ofprocess control 3.0
6.7. Absence of any causes ofvariation other than those
inherent to the process 2.5
6.8. Lack of appropriate action levels to suit the processes 3.0
7. Equipment and Facility Barriers
7.1. Limitation due to physical plant size 1.8
7.2. Inadequate accuracy or precision ofmeasurement
equipment 3.7
7.3. Tooling limitations 2.8 2.97
7.4. Inadequate repeatability ofmeasurement equipment 3.7
7.5. Lack ofproper measuring capabilities 4.0
7.6. Lack of new/well-maintained equipment 2.8
7.7. Inadequate machine setup training 2.0
Data Analysis
The data show emphasis on the following categories: Management Barriers, Resource
(Personnel) Barriers and Knowledge Barriers. According to the participants, issues with
management support and buy-in are the most important management barriers to
anticipate and overcome in an implementation. The respondents also identified issues of
planning and training as critical.
As a whole, the data show the availability of an adequate number of trained personnel as
the most important barrier to overcome. The respondents indicated that overcoming
cultural resistance and resistance to the additional workload required as only slightly less
important.
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The data de-emphasize Equipment 'and Facility Barriers and Process Barriers as a whole.
However, a high degree of concern was assigned to the availability of adequate
measurement capabilities as a potential obstacle. The respondents placed relatively little
importance on equipment and process limitations as barriers to the implementation.
Interviews were conducted with the individuals responsible for implementing the process
in the automated medical product manufacturing facility in question. The interview
schedule is listed in Table 4.
Summary
The results from the Delphi study underscore the importance of anticipating management
and knowledge barriers for an implementation of the type studied. The results also
downplay the importance of equipment and facilities and process barriers as obstacles to
an implementation. The interviews provide further support for the significance of
management and knowledge barriers.
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Chapter 5
Case'Presentation
Background
The company in question is a manufacturer of in-vitro diagnostics in central New Jersey.
The facility manufactures bulk blood banking reagents and blood screening products.
These bulk materials are filled into containers ranging from three (3) milliliters to twenty-
five (25) milliliters for sale and distribution.
The project was conceived of in the Fall of 1998. The goal was to implement process
capability indices in manufacturing's sterile filling department. The implementation
encompasses eight filling machines of various ages and uses. The objective of the
implementation was to determine the ability of each piece of equipment to meet its target
fill volume. The initial implementation was intended to set a benchmark and determine
whether further m~nitoring should be continuous or.periodic.· This information was and
will continue to be used to: 1) minimize waste from overfilling, 2) reduce or eliminate in-
process inspections, 3) optimize preventive maintenance schedules, and 4) justify capital
expenditures for replacing equipment that no longer performs adequately.
The Executive Director of Quality Assurance was the project champion. She assigned a
Quality Engineer (QE) the responsibility of completing the project. A timeline was
established targeting completion of the implementation on all of the filling equipment in
November 1999. The first piece of equipment targeted for the implementation was a
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rhigh-speed machine dedicated to a single product line. This particular line currently
requires 100% gravimetric inspection of all vials coming off the filling line, which is
performed by three full-time employees.
The first step in the process was to draft a protocol to describe the implementation, data
recording requirements and data analysis. This protocol must then be approved by the
Operations Manager for the filling area, the Director of Validation, and the Executive
Director of Quality Assurance. Once the protocol was approved then the implementation
was scheduled with the Filling Supervisor.
Implementation
The protocol was drafted with little difficulty by the QE. The first problems encountered
came during the approval stage. The difficulties arose making the approval of the
protocol a priority for the approvers. Matters were further complicated by the departure
of the project champion in April 1999. Approval was obtained with only minor changes
in May 1999, clearing the way for the implementation to begin in June.
The protocol was reviewed with the filling team during their weekly meeting and later
. individually with the team members who would be executing the protocol.
Communication difficulties arose during this phase. Confusion between the sample-
taking method and the required number of samples led to difficulties. The filling
machine has six filling heads that fill consecutively. For the purposes of the study, the
QE wanted the same number ofsamples taken from each of the six filling heads. The
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current sampling procedure does not require this. However, the operators do perform
their sampling in this manner for this machine.
When the implementation took place on June 17, the correct sampling method was used.
However, the required number of samples was not taken. When the confusion was
cleared up, it was realized that the equipment runs at too high a speed to take the number
of samples required considering the number of available machine operators. It was
decided that the samples would be taken over multiple runs of the same equipment setup.
The loss ofleadership support from the Quality Assurance (QA) organization hindered
the pace of the data analysis once the data had been collected. The project became a
lower priority and delayed the completion of the initial implementation. However the
data indicated several important points that were reported to management: 1) the 100%
inspection was not necessary, 2) the target fill volume was appropriately set, and 3)
periodic monitoring of the operation would be appropriate.
This project was well supported by operations management as well as the affected
operators. This was due in no small part to the likelihood that the 100% inspection could
be eliminated allowing the three personnel responsible for that operation to be allocated
to other, more value-added tasks. The success of this implementation from an operations
standpoint is making the preliminary portions of the subsequent implementations run
more smoothly.
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Summary
The initial phase ofthe project was a success. There were issues concerning management
support, training and equipment that led to problems. However, these obstacles were not
insurmountable and the implementation was completed. This initial success has helped
the project accumulate support from manufacturing management ~reated enthusiasm for
completion of the subsequent phases of the project.
The case presentation was based upon interviews conducted with the personnel directly
involved with the implementation. The QE responsible for the implementation, the
supervisor of the filling area and two of the operators involved in the initial
implementation were questioned according to the interview schedule detailed in Table 4.
Table 4: Interview Schedule
1. Did you encounter management barriers in the implementation phase? Ifyes, what
barriers did you encounter?
2. Did you encounter data barriers in the implementation phase? If yes, what barriers
did you encounter?
3. Did you encounter resource barriers in the implementation phase? Ifyes, what
barriers did you encounter?
4.. Did you encounter knowledge barriers in the implementation phase? If yes, what
barriers did you encounter?
5. Did you encounter fear or human resistance factors in the implementation phase? If
yes, whatbarriers did you encounter?
6. Did you encounter process barriers in the implementation phase? Ifyes, what barriers
did you encounter?
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7. Did you encounter equipment or facility barriers in the implementation phase? If yes,
what barriers did you encounter?
8. What were the most significant barriers you encountered?
9. What steps were taken to mitigate possible barriers to the implementation?
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Chapter 6
Findings, Conclusions and Recommendations
Findings
The interviews confirmed that management, resource and knowledge barriers are the
most important barriers to address in an implementation. Specifically, acquiring
management buy-in on a project is critical. Evidence from the interviews indicates that
the loss ofmanagement support in QA was the most difficult obstacle to overcome. The
QE responsible had difficulty allocating time to the project when his management no
longer supported it.
The criticality of resources also plays an important role in a process implementation.
Insufficient and/or inappropriate resource allocation can have a substantial affect on the
potential of a project to achieveits goals. The respondents felt strongly that both quantity
and quality were important when considering resources. Further, the interview revealed
that the time that the QE had available to allocate to the project was insufficient to
complete it in an expeditious fashion.
Additionally, cultural barriers were highlighted by the respondents. They pointed out
general cultural resistance as well as resistance to the additional workload required by a
project. They also pointed out the problem of friction between different departments as
an obstacle. The implementation showed that the potential gain for the filling department
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from the implementation mitigated the cultural resistance and the friction between the
two departments.
Conclusions
Based upon the responses received and the results of the implementation the following
conclusions can be made:
1. Prior written approval of the implementation plan will eliminate some of the
management barriers.
2. Lack of management support from all of the groups involved will hinder the
implementation process.
3. Insufficient resources will slow the progress of the implementation.
4. Given that there is a potential for gain by the participants, there can be
motivations that mitigate cultural resistance and interdepartmental rivalry.
Recommendations
Based upon the results of this study the following courses of action should be taken to
mitigate the effects ofbarriers that may be encountered during a process implementation:
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1. The process implementation should be documented in a proposal and submitted to
the management of all affected'departments for written approval prior to
implementation.
2. Resource requirements should be· agreed upon and documented in the project
timeline with the understanding that changes in resource allocation will affect the
timeline.
3. Training requirements should be documented in the implementation proposal.
4. Management support, project goals and project priorities should be communicated
to all affected personal prior to the start of implementation.
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Attachment 1
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April 15, 1999
Dear Participants,
I am performing a study related to the implementation of process capability indices in an
automated medical products manufacturing facility. Prior to the implementation I am
attempting to identify the barriers to the implementation. Thank you for agreeing to
cooperate.
Process capability indices are used to measure the ability of a process to produce
conforming product. These indices take the form of statistical treatments and the two
most common are Cpand Cpk. Both ratios are set up as index numbers where 1.00 is the
dividing line between good values and bad values. Higher index values indicate a more
reliable process and values less than 1.00 indicate an unreliable process.
At the bottom of this page please provide me with a list of at least three, but not more
than ten barriers that such an implementation may face. I will organize the responses and
return them to you for ranking. Please feel free to contact me with any questions at (908)
218-8830.
Please reply to: jwardl@ocdus.jnj.com or Fax to (908) 704-3904 Attn: Justin Ward
Responses
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r
Delphi Questionnaire
(Second Round)
Barriers to Implementation
The barriers to implementation identified by the participants in round one ofthe
Delphi study are listed below by category. Please review each category and indicate
the rating ofthe individual barriers in the rating column on a scale of1-5. A rating
of1 means you consider the factor oflittle importance; a rating of5 means you
consider the factor ofgreat importance.
Please indicate your field (i.e., Mfg, QA, Eng, R&D... ): _
Number ofyears in above field: _
The results ofthe survey will be provided to each participant. Thank you for your
participation.
Category Rating Scale Rating
1. Management Barriers Low High
1.1. Management does not believe that the monitoring effort
adds enough value to the bottom line. l.l..l1.lll4..L
1.2. Management does not believe Cpk measures to be
worthwhile. l.l..l1.lll4..L
1.3. Management fails to place the proper departments in
charge of implementation. l.l..l1.lll4..L
1.4. Management inadequately supports the effort. l.l..l1.lll4..L
1.5. Plant managers and/or machine operators fail to buy-in. l.l..l1.lll4..L
1.6. Management review and commitment are inadequate. l.l..l1.lll4..L
2. Data Barriers Low High
2.1. If SPC is not used in conjunction with process
capability to there is no assurance that th~ process is in
control or predictable l.l..l1.lll4..L
2.2. Using improper sample techniques l.l..l1.lll4..L
2.3. Lack of R&R studies prior to implementation to"
establish variable attributes l.l..l1.lll4..L
2.4. Sample size too small l.l..l1.lll4..L
2.5. Lack of"good" data l.l..l1.lll4..L
2.6. Cpand Cpk indices can be manipulated by altering the
specification limits. Actual specification limits often
do not depict actual customer requirements since their
requirements sometimes change. l.l..l1.lll4..L
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Category Rating Scale Rating
3. Resource (Per~onnel) Barriers Low High
3.l. Insufficient resources - personnel Wllliilll
3.2. Lack of knowledgeable operators/engineers Wllliilll
3.3. Inadequate trained resources to carry out the evaluation Wllliilllr
3.4. Insufficient resources - capital Wllliilll
3.5. Insufficient resources - product Wllliilll
4. Knowledge Barriers Low High
4.l. Poor Planning Wllliilll
4.2. Lack ofproper training and valid reliable repeatable
procedures Wllliilll
4.3. Failure to understand and identify all process variables
for each automated machine and product produced on
that machine. Wllliilll
4.4. Lack ofprocess knowledge, monitoring and control Wllliilll
5. Fear FactorlHuman Resistance Low High
5.l. Personnel may resist the additional time/effortrequired
to implement and maintain the system Wllliilll
5.2. Training involved may be extensive Wllliilll
5.3. Union regulations Wllliilll
5.4. Resistance by manufacturing and engineering if
QA/QE drive the implementation Wllliilll
5.5. Friction between operations and QA about who has to
drive the implementation Wllliilll
5.6. Lack of clearly stated goals for the indices that can be
embraced Wllliilll
5.7. Resistance to the goal by builders/designers if it is to
qualify equipment prior to production Wllliilll
5.8. Resistance to a goal to improve existing processes, if
there are currently no problems Wllliilll
5.9. Cultural resistance to process measurement Wllliilll
~
6. Process Barriers Low High
6.l. Poor raw materials Wllliilll
6.2. Small production runs and high product mix create too
much noise in the data Wllliilll
6.3. Inability to monitor Cp/Cpk and process control on an
ongoing basis Wllliilll
6.4. Lack of consistency and reliability in the process Wllliilll
6.5. Presence of assignable or special cause variations in the
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Category Rating Scale Rating
process Ul.llllilll
6.6. Lack ofprocess control Ul.llllilll
6.7. Absence of any causes of variation other than those
inherent to the process Ul.llllilll
6.8. Lack of appropriate action levels to suit the processes Ul.llllilll
7. Equipment and Facility Barriers Low High
7.1. Limitation due to physical plant size Ul.llllilll
7.2. Inadequate accuracy or precision of measurement
equipment Ul.llllilll
7.3. Tooling limitations Ul.llllilll
.
7.4. Inadequate repeatability ofmeasurement equipment Ul.llllilll
7.5. Lack ofproper measuring capabilities Ul.llllilll
7.6. Lack of new/well-maintained equipment Ul.llllilll
7.7. Inadequate machine setup training Ul.llllilll
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